
c 

IIT RESEARCH INSTITUTE 
f o r m e r l y  A r m o u r  R e s e a r c h  F o u n d a t i o n  o f  I l l i n o i s  I n s t i t u t e  o f  T e c h n o l o g y  



I 
I 
1 
I 
I 
i 
I 

LIFE 

1 
1 
1 

Report No. IITRI 
(Quar te r ly  S t a t u s  

IN EXTRATERRESTRIAL 

3194-10 
Report) 

ENVIRONMENTS 

National  Aeronautics 
and Space Administration 

Washington, D.C. 

is 
I I T  R E S E A R C H  I N S T I T U T E  



a LIFE I N  EXTRATERRESTRIAL ENVIRONMENTS 

@ May 15 t o  August 15, 1963 

National Aeronautics and Space Administration 

C ~ P S  A Contract 9~a;; ~ ~ ~ r - 2 2 )  
I I T R I  Project  C194 

I. INTRODUCTION 

Numerous s o i l  

Deserts*, tundra 

samples have been collected from the Cal i forn ia  

areas (12,200 f t )  of the Rocky Mountain National 

Park, and the d e s e r t  of White Sands Na t iona l  Monument. The 

indigenous microorganisms have been i s o l a t e d  and are being 

s tud ied  i n  the simulated Mar t i an  environment , 

From the previously reported ( I I T R I  R e p o r t  No.  C194-9) 

C a l i f o r n i a  d e s e r t  s o i l  samples, 253 bacterial c u l t u r e s  w e r e  

obtained. Subsequent tests have revealed that  88 c u l t u r e s  w e r e  

f a c u l t a t i v e  anaerobes, These c u l t u r e s  are being examined f o r  

su rv iva l  i n  a simulated Martian environment f o r  2 8  days. 

Surv iva l  af ter  1 1 2  days i n  t h e  simulated Martian environment 

of a Micrococcus i s o l a t e d  f rom Ca l i fo rn ia  d e s e r t  s o i l  i s  recorded, 

Biochemical tests and morphological c h a r a c t e r i s t i c s  i d e n t i f i e d  this= 

organism as Sarcina aurantiaca.  

* 
Desert s o i l  samples supplied by D r .  R. E, Cameron, Jet Propulsion 
Laboratory, Cal i forn ia  I n s t i t u t e  of Technology, Cal i forn ia .  

I 
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A Bacillus isolated from California desert soil and identified 

as Bacillus cereus var. mycoides has been examined for survival 

after 28 days in the simulated Martian environment. 

Preliminary experiments on intestinal bacteria present in rat 

feces indicated that less then 10% of the coliform-type bacteria 

survive the inoculation and flushing procedures used to establish 

the simulated Martian environment ~ 

Experimental work has been initiated to study the survival 

in the simulated Martian environment of a chemolithotrophic 

bacterium, Desulfovibrio desulfuricans, and two photosynthetic, 

purple bacteria, Rhodopseudomonas spheroides and Rhodospirillum 

rubrum 

Studies have been initiated to examine the survival and 

growth characteristics of tundra and desert plants, 

to Martian survival experiments, these plants will be examined 

for their ability to withstand varying intensities and wavelengths 

of light, their minimum moisture and nutrient requirements, and 

tolerance to various atmospheric compositions and temperatures. 

In addition 

11. EXPERIMENTAL PROCEDURES 

The simulated Martian atmosphere described in Report 3194-5 

was used, The methods of growing, harvesting, inoculating, and 

sampling the Mars tubes and the types of media were described in 

Reports No. 3194-2, -3, -4, and -7, 
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The screening program involving 253 i s o l a t e s  from f i v e  

Ca l i fo rn ia  desert s o i l s  w a s  mnducted i n  the following manner, 

The organisms w e r e  s t reaked on the sur face  of l i v e r  vea l  agar 

(Difco) and incubated a t  2 4 O C  f o r  7 days i n  C a s e  anaero jars  

( C a s e  Laboratories,  Chicago, I l l i n o i s )  containing a n  atmosphere 

of 95% ni t rogen and 5% carbon dioxide.  The 88 c u l t u r e s  tha t  

g r e w  w e r e  c l a s s i f i e d  as  f a c u l t a t i v e  anaerobes. These c u l t u r e s  

are being examined f o r  survival  a f t e r  2 8  days i n  the Martian 

environment by pour p l a t e  method with t r y p t i c a s e  soy agar  

(Baltimore Biological Laboratories) , 

The biochemical tests were performed i n  accordance w i t h  
1-4 s tandard microbiological methods, 

Suspensions of monkey rat, and guinea pig feces w e r e  pre- 

pared by emulsifying 0.5 g of f e c e s  i n  3 m l  of 0.1% peptone 

w a t e r  t o  g ive  b a c t e r i a l  counts of l o 4  t o  10 c e l l s / O . O l  m l .  

suspensions w e r e  inoculated i n  s teri le d e s e r t  s o i l  N o .  62.  

Trypt icase soy agar w a s  used f o r  t o t a l  counts and Maconkey's 

agar  ( D i f c o )  w a s  used f o r  coliform counts. 

6 The 

'Conn, H. J., "Manual of Microbiological Methods, 'I W i l l i a m s  and 
Wilkins Co., Baltimore, 1957. 

'Skerman, V. B. Do, "A Guide t o  the I d e n t i f i c a t i o n  of the Genera of 
Bacteria, I' W i l l i a m  and Wilkins C o l  o, Baltimore, 1959, 

3Breed, R. S., Murray, E, G. D., and S m i t h ,  No Ro, "BergeY's 
Manual of Determinative Bacteriology, I' W i l l i a m  and Wilkins C o o ,  
B a l t i m o r e ,  1957. 

4 S m i t h ,  N. Re, Gordon, R, E., and Clark, F, E., "Aerobic Spore- 
forming Bacteria, 'I U.S . Department of Agricul ture  Monograph 
N o ,  16, U.S. Government Pr int ing Office,  Washington, D.C., 1952. 
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The c u l t u r e s  of Desulfovibrio desu l fur icans  ATCC 7757, 

Rhodopseudomonas spheroides ATCC 11167, and Rhodospirillum rubrum 

ATCC 9791 w e r e  obtained f r o m t h e  American Type Culture  Col lec t ion ,  

D. desu l fur icans  w a s  c u l t u r e s  on S t a r k e y ' s  medium , R., 2 

according t o  techniques and media suggested by Skerman 2 , and 

R. rubrum i n  f l u i d  th iog lyco l l a t e  Redim. (Oxoid). A l l  c u l t u r e s  

w e r e  incubated a t  27OC 

111. RESULTS AND DISCUSSION 

Table 1 l ists the v i a b l e  counts from the screening experiments 

of 253 d e s e r t  s o i l  i s o l a t e s .  I n  add i t ion  t o  the 1 2  c u l t u r e s  

l i s t e d  i n  Table 1, 11 o t h e r  cu l tures  are be ing  tested. 

Figure 1 shows the survival  of the Sarcina i s o l a t e d  from 

C a l i f o r n i a  d e s e r t  s o i l  No.  62 i n  the simulated Martian environ- 

ment  a f t e r  1 1 2  days, The percent moisture of both the Earth 

con t ro l  and Mar t ian  experimental groups w a s  0.18%. A s l igh t  

decrease i n  v i ab le  cells  occurred over the 112-day exposure 

period. 

and a t  1 1 2  days 2 1  x l o 6  cells/g w e r e  present; the Martian experi-  

m e n t a l  group had 30 x lo6  cel ls /g  i n i t i a l l y ,  and a t  112 days 

25 x 10 w e r e  present .  The viable  ce l l  count should decrease 

w i t h  extended exposure periods as a r e s u l t  of s t a rva t ion .  However, 

the l o w  moisture content  of t h e  system could enhance the resistance 

as u s u a l l y  observed i n  lyophilized cultures., 

The Earth con t ro l  group had 44 x l o 6  ce l l s /g  i n i t i a l l y ,  

6 
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Table 1 

SURVIVAL AFTER 28 DAYS IN MARTIAN ENVIRONMENT OF 
MICROORGANISMS ISOLATED FROM CALIFORNIA DESERT SOILS 

Number of Bacteria/q* 
0 Day 28 Davs 

Culture Total Spore Total Spore 
NO. Source** Orqanism Count Count Count Count 

55 
8 

12 
33 
37 
54 
34 
56 
57 
60 
61 
68 

68 
51 
51 
62 
62 
68 
62 
68 
68 
70 
70 
70 

Bacillus 
Baci 1 lus 
Bacillus 
Bacillus 
Bacillus 
Bacillus 
coccus 
Bacillus 
Bacillus 
Bacillus 
Bacillus 
Bacillus 

25 lo5 61 lo4 44 lo4 91 x lo4 
63 lo5 10 lo4 11 lo4 17 lo4 
26 lo5 48 lo4 81 lo4 98 lo4 
27 lo5 62 lo4 77 lo4 83 lo4 
20 lo5 4 lo4 44 lo4 29 lo4 
46 lo5 46 lo4 17 lo5 22 lo5 

30 lo5 23 lo5 17 lo5 97 lo4 

28 lo4 36 lo4 44 lo4 34 lo4 
36 lo5 34 lo5 31 lo5 23 lo5 
79 lo5 70 lo5 67 lo5 11 lo5 

< lo3 3 25 x 10 

15 x lo5 21 x lo5 30 x lo4 68 x lo4 

* 
Desert soil No. 62 was used as the substrate in the screening 
experiments 

**Desert Soils: Supplied by Dr. R. E. Cameron of Jet Propulsion 
Laboratories, California Institute of Technology. 
50 - Sand 
62 - Sandy Loam 
68 - Clay 
70 - Sand 
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The su rv iva l  of Sarcina i n  sterile Ca l i fo rn ia  d e s e r t  s o i l  

N o ,  62, i n  the Martian environment f o r  1 1 2  days i s  shown i n  

Figure 2. The pe rcen t  moisture of the Earth con t ro l  group w a s  

0,53% and tha t  of the M a r t i a n  experimental group 0.51%. The 

number of cells  surviving the 112-day exposure period w e r e  s i m -  

i l a r  i n  the two groups: 

the Earth and Martian experimental groups, respec t ive ly .  It  i s  

s i g n i f i c a n t  t h a t  t h i s  non-sporeforming microorganism demonstrated 

a high s u r v i v a b i l i t y  i n  the simulated Martian environment. 

132 x l o 6  ce l l s /g  and 127 x lo6  c e l l s / g  

The morphological characteristics and r e s u l t s  of biochemical 

tests of t h i s  organism are given i n  Table 2. The organism w a s  

i d e n t i f i e d  as c l o s e l y  resembling Sarcina aurant iaca.  The n i t r a t e  

reduct ion and the indole  tes ts  w e r e  prepared i n  t r i p l i c a t e  and 

examined after 24 and 48 hr and 7 days. C i t r a t e  u t i l i z a t i o n  w a s  

regarded as negative when a f t e r  t r a n s f e r r i n g  from c i t ra te  t o  c i t ra te  

m e d i u m  no t u r b i d i t y  w a s  observed a f t e r  7 days, T h i s  procedure 

r u l e s  out  the p o s s i b i l i t y  of t u r b i d i t y  being produced i n  the 

c i t ra te  medium as a r e s u l t  of carryover of n u t r i e n t s  f r o m  t h e  

inocula t ing  broth suspensions, These tests w e r e  performed a t  

25 and 37OC, and no v a r i a t i o n  i n  r e s u l t s  occurred. 

L i t t l e  information regarding t h e  hea t  s e n s i t i v i t y  of vege ta t ive  

cells of Sarcina i s  ava i l ab le  apa r t  f r o m  the observat ions by 

Gibson who reported t h a t  vegetat ive cel ls  of So ureae withstand 5 

~ ~~ ~ 

5Gibson, T., A r c h .  Mikrobiol. 6, 73-78, 1935. 
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Table 2 

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS 
OF A MICROCOCCUS ISOLATED FROM DESERT S O I L  

Vegetative cells: 

Spores : 

Agar colonies:  

A g a r  s l an t :  

B r o t h :  

Litmus milk: 

Reduction of n i t r a t e  
t o  n i t r i t e :  

Production of indole: 

U t i l i z a t i o n  of NH4H2P04: 

U t i l i z a t i o n  of c i t r a t e :  

Hydrolysis of s tarch:  

Hydrolysis of ge la t in :  

Fermentation tests: 

Catalase present:  

U r e a s e  present:  

H e a t  r e s i s t ance :  

0,9 t o  1,l I-L i n  diameter: s ing ly ,  
i n  p a i r s ,  and i n  clumps: non- 
motile: Gram-positive. 

Not present  

Ci rcu lar ,  smooth, orange, 
g l i s t en ing ,  r a i sed  t o  convex, 

Abundant, opaque, orange, 
f i l i f o r m ,  smooth, moist. 

L i g h t  t u r b i d i t y ,  no p e l l i c l e ,  
orange slimy sediment. 

No change, 

Negative 

Negative 

Pos i t i ve  ., 

Negative 

Pos i t ive .  

P o s i t i v e o  

No ac id  from glucose, g lycero l ,  
l ac tose ,  maltose, r a f f inose ,  or  
sucrose 

Pos i t i ve  

Negative- 

Withstood 6OoC f o r  10 min, bu t  
no t  8 O o C  f o r  10 min, 

Oxygen requirement: Obligate aerobe 

I I T  R E S E A R C H  I N S T I T U T E  
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exposure t o  75OC f o r  15 m i n  and by MacDonald and MacDonald6 who 

reported t h a t  vege ta t ive  c e l l s  of S .  ureae and S. f l a v a  w i t h -  

s tand 6OoC f o r  10 min. The value of MacDonald and MacDonald i s  

s imi l a r  t o  ours ,  The dese r t  s o i l  i s o l a t e  resembles Group I1 

Sarcina a s  described by MacDonald and MacDonald: 

non-sporeforming Sarcina tha t  hydrol izes  s t a r c h  and g e l a t i n ,  

c a t a l a s e  p o s i t i v e  and urease negative, and do not produce acid 

from carbohydrates. Members of t h i s  group are S.  subflava,  

S. f l ava ,  S. aurant iaca,  and S o  l u t e a .  

non-motile, 

The Baci l lus  i s o l a t e d  from Ca l i fo rn ia  dese r t  s o i l  N o .  68 has 

completed i n i t i a l  screening t e s t s  i n  t h e  simulated Martian en- 

vironment (Table 1, c u l t u r e  No. 5 4 )  - A f t e r  28 days 37% of t h e  

c e l l a  were recovered as total count w h i l e  the spore count 

increased 4.9 t i m e s .  This organism i s  cur ren t ly  being t e s t e d  

f o r  surv iva l  i n  t h e  simulated Mar t ian  environment f o r  per iods 

g r e a t e r  than 28 days. Viable c e l l  counts a r e  being determined 

as t o t a l  and spore counts grown under aerobic  and anaerobic 

condi t ions.  Any change i n  the organism’s oxygen requirement 

occurring a s  a r e s u l t  of prolonged exposure w i l l  be determined. 

Table 3 l is ts  the morphological c h a r a c t e r i s t i c s  and r e s u l t s  of 

biochemical tests of th i s  organism. A l l  t e s t s  w e r e  continued 

f o r  7 days. The same precautions f o r  de tec t ion  of indole  pro- 

duction, reduction of n i t r a t e s ,  and c i t r a t e  u t i l i z a t i o n  described 

previously w e r e  observed Temperature of incubation was 350Cr 

- 10 - 



Table 3 

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS 
O F  BACILLUS ISOLATED FROM DESERT S O I L  

~~ ~ ~ 

Vegetative c e l l s :  

Spores : 

Sporangia : 

Nutr ien t  agar colonies:  

Nu t r i en t  agar s l an t :  

Broth: 

Reduction of n i t r a t e  t o  
n i t r i t e :  

Production of indole: 

Production of acetylmethyl- 
carb inol  : 

U t i l i z a t i o n  of KN03: 

U t i l i z a t i o n  of C i t r a t e :  

Hydrolysis of s tarch:  

Hydrolysis of g e l a t i n :  

Hydrolysis of casein: 

Leci thinase react ion:  

3,3 by 0.8 P ;  s ingly ,  i n  pa i r s ,  
and i n  sho r t  chains: ends 
rounded; s t a ined  protoplasm 
granular  o r  foamy; Gram-positive: 
non-motile. 

Oval, 1 -8  x 1-0 p long: c e n t r a l  
o r  paracent ra l .  

Not appreciably swollen. 

Large, rough, f l a t  , i r r e g u l a r  
with whiplike outgrowths, w h i t e  
t o  off-white. 

Abundant, rough, opaque, white 
t o  off-white, adherent, spread- 
ing w i t h  i r r e g u l a r  edge. 

Light t u r b i d i t y  with f locculen t  
sediment, s o f t  r i n g  p e l l i c l e .  

Pos i t i ve  

Negative e 

Pos i t ive  

Negative 

Pos i t ive  

Pos i t ive  

Pos i t ive  a 

Posi t ive  ., 

Posi t ive .  

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 ( con t )  

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS 
O F  A BACILLUS ISOLATED FROM DESERT S O I L  

F e r m e n t  a t  i on tests : 

Catalase present: 

Urease present: 

Oxygen r e q u i r e m e n t :  

A c i d  w i t h o u t  gas f r o m  glucose, 
m a l t o s e ,  m a n n i t o l ,  and sucrose: 
no gas f r o m  glycerol, lactose, 
raffinose,  or  xylose. 

Posit ive.  

Negative. 

Facultative anaerobe. 

I I T  R E S E A R C H  I N S T I T U T E  
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The organism was classified as Bacillus cereus var 

mvcoides. 

Table 4 shows the effect of inoculating and flushing procedur- 

es on the survival of intestinal bacteria in sterile soils which 

were inoculated with rat, monkey, and guinea pig feces. Pre- 

liminary tests indicated at least 10% of the bacterial popula- 

tion survived. The number of coliform bacteria should be 

sufficiently high in order to study the effects of the simulated 

Martian environment on the survival of the various bacterial types 

present in the animal I s intestinal tracts. 

IV. SUMMARY 

Eighty-eight cultures of facultative anaerobic bacteria were 

obtained from 253 isolates from various California desert soils. 

The cultures are being screened for survival in the simulated 

Martian environment 

A non-sporeforming organism identified as So aurantiaca 

demonstrated a high resistance to the simulated Martian environ- 

ment, after 112 days exposure. 

Initial screening tests indicated good survival of a Bacillus 

isolated from California desert soil No. 68; 37% of the cells 

were recovered as total count and the spore count increased 4.9 

times after 28 day exposure to the simulated Martian environment. 

This organism was identified as Bacillus cereus var mvcoides 

from results of biochemical tests and morphological characteristics. 

Further studies are planned with this microorganism. 
I l l  R E S E A R C H  I N S T I T U T E  
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Table 4 

EFFECT OF INOCULATING AND FLUSHING PROCEDURES ON 

MONKEY, RAT, AND GUINEA P I G  FECES 
SURVIVAL O F  INTESTINAL BACTERIA I N  S O I L S  INOCULATED WITH 

Number of B a c t e r i a / u  
B e f o r e  I nocu la t ion  A f t e r  Inoculat ion 

and Flushinq and Flushinu 
A n i m a l  Total  C o l i f o r m  Total C o l i r o r m  
Source C o u n t  Count C o u n t  C o u n t  

Monkey 58 x l o 3  < l o 2  35 x l o 3  < I O 2  

R a t  65 l o 4  20 l o 3  72 It l o 3  < i o 2  
G u i n e a  63 x 10 <lo2  60 x l o 2  < l o 2  

Pig 

I l T  R E S E A R C H  I N S T I T U T E  
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Suspensions of monkey, rat, and guinea pig feces inoculated 

into sterile desert soil were subjected to flushing procedures 

normally used to establish the simulated Martian environment. 

Experimentation is in progress to establish the survivability 

of organisms from metabolic waste material in the simulated 

Martian environment. Also studies were initiated with selected 

tundra and desert plants to determine their survival, in the 

simulated Martian environment 

V. RECORDS AND PERSONNEL 

The experimental data are recorded in Logbooks C13027, (213248, 

C13740, and C13783. Technical assistance was given by John 

Rush. 

Respectfully submitted, 

IIT RESEARCH INSTITUTE 

Charles A, Hasen 1 
Associate Bacteriologist 
Life Sciences Research 

Approved by: 

Manager 
Life Sciences Research 

CAH/ls 
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